II. Proposed Method
The proposed method has two stages namely i. Feature extraction using S-transform. ii. Classification stage using Fuzzy expert system. S-transform is used for extracting features such as variances and standard deviation. Fuzzy expert system is used for classifying the power quality disturbances. A set of parametric equations generates the disturbance waveforms.
Feature Extraction Stage using S-transform
The S-transform is the generalization of the Short-time Fourier transform (STFT) and an extension of the continuous wavelet transforms (CWT). The S-transform will perform multi-resolution analysis (MRA) on a time varying power signal, as its window width varies inversely with the frequency. The main function of the Stransform is a Gaussian modulation cosinusoid. The output of the S-transform is an N x M matrix called the Smatrix whose rows pertain to the frequency and columns to time.
A spectrogram or sonogram, is a visual representation of the spectrum of frequencies. Spectrograms are usually created in one of the two ways. Either they are approximated as a filter bank that results from a series of band pass filters, or calculated from the time signal using the short-time Fourier transform (STFT). These two methods actually form two different time-frequency distributions, but are equivalent under some conditions. Stransform using spectrogram analysis provides better visual analysis of the signal. The S-transform of a signal ℎ is defined as , = ℎ( 
The S-transform is also represented as an amplitude and phase correction of the continuous wavelet transform
Wavelet transform is given as
The S-transform is now expressed in time frequency resolution as , = ( , (11) The variance of the signal is the first input to fuzzy system. It is directly computed from the envelop mean value as follows
The standard deviation is the second input to fuzzy system. It is obtained from the following relationship as given below = ( )
Fuzzy Expert System
Fuzzy system provides a simple way to get definite conclusion based upon ambiguous inputs. The mamdani type of fuzzy inference system used to perform the classification of the PQ events. It has two inputs and generates one output based on 25 rules. The first input to the system is the value of standard deviation. The input is divided into five trapezoidal membership functions namely VSTD (very small standard deviation), SSTD (small standard deviation), NSTD (normal standard deviation), LSTD (large standard deviation), and VLSTD (very large standard deviation). The second input to the system is the value of variances. It is broken into five triangular membership functions namely VV (very small variance), SV (small variance), NV (normal variance), LV (large variance), and VLV (very large variance). The fuzzy expert system is shown in figure 1 
Figure 1.Fuzzy expert system
The output memberships function and rule viewers of fuzzy expert system are shown in figure 2 and figure 3. 
III. Classification Stage
The proposed fuzzy expert system used to analyze and classify the eight types of power quality disturbances. The extracted input features through the S-Transform are applied as inputs to the fuzzy expert system in order to classify the disturbances. Fuzzy logic with the rule based expert system has emerged the classification tool for PQ events.
Flowchart of the Proposed Method
The flowchart for the Classification of Power Quality disturbances is shown in below. It has three different blocks. 
IV. Simulation And Test Results
A set of parametric equations were used to Test data for various classes of disturbances and the signals closer to real situation can be simulated. The nine types of different power quality disturbances, namely pure sine (normal), sag, swell, outage, harmonics, sag with harmonic, swell with harmonic, notch and flicker were considered. Signal generation models and their control parameters are shown in table 1.
Table 1 Power Quality Disturbance Model
Features extracted from these input signals are applied to the fuzzy expert system to get an accurate classification of disturbances. The PQ disturbance signals generated using the Matlab based parametric equations. The following case studies are presented to highlight the suitability of the application of the proposed method. Notch is a disturbance of the nominal power voltage waveform lasting for less than half a cycle. The disturbance is initially of opposite polarity and hence it is to be subtracted from the waveform and shown in the figure 11(a) . The time frequency analysis of S-transform representation spectrogram and of the notch is shown in the figures 11(b) and 11(c). The standard deviation, and variances of notch are shown in the figures 11(d) and 11(e). 
V. Conclusion
In this paper, a new technique to characterize, localize and classify the various types of Power quality disturbances using S-transform and Fuzzy expert system has been proposed. The Power quality disturbance waveforms were generated through parametric equations. By using S-Transform the input features such as standard deviation and variances were extracted and Fuzzy expert system has been applied for classifying the various power quality disturbances. The classification accuracy has been validated by comparing the results obtained by the proposed technique against S-Transform based neural classifiers. The proposed technique enables the accurate classification of all nine types of PQ disturbances. Simulation results demonstrate that the performance and accuracy of the S-transform.. The results show that the proposed technique performs very well in characterization and classification of power quality disturbances. 
